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STATICLONG22TUDINALSTABILITYOFABUNGEE

ANDENGINE-TIT..TMODIFICATIONS

ByGeorp#A.RatheYt,Jr,
,.

...
SUMMN3Y

Flighttestshavebeenconductedtoov~uateanelevator
stick-forceWngeeendenginetiltasmethodsofimproving
thelongitudinal-controlcharacteristicsofanexistingair-
plane.Particularemphasiswas@acedonmeasuringtheeffect
onthestick-freestabtlityinthepower-approachconflithn,
Thestick-forcebungeewaethesimplestandmosteffec-
tlvemodification.-Itisindica.ted~however,thatwhen~arce
changesinelevatortrim-tabanglearerequiredobjectionable
stick-forcechqngeswithspeed-d powerwillbeinduce~.‘“”““,,

Theuseof.en&etilt“reduc6d’the#;ick-forcechanges
withpower,butthesbbilit;reh~acteristicswerenot
@rovedsuff’iclentl.y”tojustifythemodification.

TheeffectsofboththeInu@eeati the engtie tilt co~d
hecal.hlatedwithsufficientaccuracyfor~preliminary
evaluationof-a proposedinstallaticm.,, .: ..-- —. . ..

A simpleflight-te”st’method:ofs~lec%ingthebungee
Installationrequtredtocorrectgivenunsatisfactorystlck-
free-stabilitycharacteristicsisVresent-edinenwppendixto “
thereport,- .“

:
~JI’7IW2DUCTION,.

., . .
Itisfrequentlynecessarytomodifythe“longitu@.fnal-“

stabilityand-controlcharacteristicscfenexistiwair-
planeinordertocorrectcriticaldeficiencies.These
deficienciesaremostcommonlyinducedbychangesintheair-‘-
planeconfigurationtomeetincreasedpeaformencerequWe-
mente,changesinthema~itude”.anddisposlticn_oftheuseful
load,orlackofsufficientinformationfortheprelimlnaq
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designor weightandbs.la.meestimates.Themodificationsto
be employedshouldbe simpleas weH a6 effective ~$es$:~d .
notohangeexistingsatisfactorycharacteristics.
effectivemodificationsthatcaneas5-1.ybemadearetheeleva-
torstiok-foroebu@ee, engj.netilt,andthespringytab,or
spring-loadedelevatortrim tab.

Thisreportsummarizestheresultsof flighttestsof the
bungeemd engine-tiltmodlfi.oationsinstalledon a latemodel
carrier-basedfighteraircraft whichhadprovedduringthe
serviceacceptancetrialstobeunstablestickfreeM the
power-approachoondition(oarriez=approaoh).Thespringytab
wasnotiInstalledon thetestatrpla,ne;however,a detailed
discussionof thisadditionaltypeof modificationmaybe found
inreference1.

DESCRIPTION

Thetestairplane

OF AIIZP_ ANDMODIFICATIONS

TheBasicAirnlane

wasan experimentalmodelof a low-win~.
single-place,carrier-based(VF)-typemonoplaneequippedwith-”
a trloyclelandinggear. Theairplaneispoweredby botha
reci~rocatingenginedrivinga three-bladetractorpropeller,
anda jet-propulsion unit mountedbehind the 13~10t16~mpart-
mentandexhaustingthrougha tailpipeterminatingat the
extremeaftendof thefusela,ge.A three-viewdrawingandthe
generalspecificationsof theairplanearepr~seiltedinfigure ‘
1 andtablesI andII,respectively.

Theactivityfactorof thepropeller(uerblade)Is120. ‘
Thepropellerside-forcefactor(perblade)is 112. Theforce
andmotioncharacteristicsof theelevatoroontrolsystemare
presentedinfigures2 and3. Figure 2 is a plotof“thevaria-
tion of elevatoranglewithstickposition.Figure3 showsthe
amountof’forcerequiredtomovethecontrolstickslowlyback
andforthoveritscompleterangewhenthereareno airloads
actingon thetallsurfaces.Althoughfigure3 indicatesan
acceptablylowfrictionof *2 poundsit shouldbe notedthatin
a easelikethepresentone>wherethestick-freestabilitywas
suchthatvery low pull forceswere requiredat speedsbelowthe
trimspeed,thereductionof frictionto theminimumpossible
valueisverydesirable.

TheModifications
.

Figure k is a schematicdiagram0$’ theelevatorstick- D.
force-bungeeinstallation.TheforcecharacteristicsOf the
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longooilspringsconnectedto theelevato~.col~trolquad~’ants
weredeterminedfromfigure3 by conpaiiin~-tkedata-wi~E--ard
without the bungee. The spri~s supplieda forceequiva,leilt~.
to a 9.Ej-poundpusbon thesttck;;‘Inadd;itionto theefi’ect
of thebungee,theNACAstick-force.reeorderactedas a kob-
weig$t,addingtwomorepoundspus~,.force-foreachunitof
normalacceleration..Thiseffect’wascau~eaby the‘confizmra-
tionof thecontrolstick,whichis illustratedin figurek.

Theengine-tiltmodifi’catlon”~~asaccomplishedby theSQ%-
planemanufacturerby changinga sparefrontengineandraount
so thatthethrustaxiswastilted4-0nosedo~mwithrespect
to thefuselagereferenceline. Thegeometr:y”of thisch?nge
is givenin figure5. Thek-otiltinci-easedthemomentarm
of thethrustforcesaboutthecenterof grav~tyfroaj.~~
percent11.A.C. to 9,9yercent11.A,C.in theflapSJ@geai”-_ “_
dovnconfi.wration.

Theelevatorangleandstickforcewere recordedphoto-
graphicallyby standardW&% instrumentssynchronizedhy an
electricchronometersIn therangeof stick-forcedatapre~
sentedtheerrorin elevatoran~ledueto stretch.i.n the
controlcablesbetweentheelevatora.ntltherecoMerdidnot
exceed4.5°.

.

.

.

.

Theel~vatortrim-tabdatawereobtainedby applyinga
calibrationmadewithno loadactingon tilesurfaceto tjae
valuesnotedby thepilotfromthestandardcocl@t position
indicator,Theaccuracyof thet&+m@e datapi~esento<l_s
@*5°.

Thevaluesof Indicatedairmeedweredetekinedfrom
s standardNAC.Arecordingsystemconnectedto a swi,vellkag
airspeedheadboom. Thissystemwasconsideredtobe ac.
curatewithinW milesperhour,andno correctionfor

, positionerrorwasapplied.

‘ThenormalaccelerationfaatorAZ andengineOpci-sting
conditionswerenotedby thepilotfromcalibratedstandard
indicatinginstruments.

Thestaticlongitudinal-stabilitycharacteristics:mre
measuredin eachof thefourflightconditionss:~ccifiedin ..——



thefollowingtable: .

Engine .“ Flap. ‘.

Condition~f:;~ ::%;: ::::d ::$;::;::.“
7rim
speed

(in.Hg)::::1.po;Ierpos2- (T:lph)
tion

Power-on
clean 9300 38 2600 1030 up ;70

ZG2etab
Glide 9200 ThrottledIdie —“- Up settinga~

power-on
. . cleav

Power-
appraach ~~oo 2f3 2500 I730 Dovn ~lo3

Sametab
Landing 9200 ThrottledIdle --”- Down Settingas

po:~er-
al~;~roach--d

al● Uj’I& ..

Thestaticlongit~~~nal–stabili~cha.racteristi.cs01’the
airplaneforeachnodi.fi.cationconfiU~rationarep~~eqtedin
figures6 throughICIandsu~:laiaiz~din table111.Theevalu-
ationsof tableI.11uere”nade-.byco@arin~theclhardcte.ris”ti.cs
Of tiienotifiedairplane..totheCh5W2Ct~i’iStlCSof theorigi-
nalairplaneat two center-of-gravityi30sitions”tienozm.al
(27percent:1.A.C.),fibnre6, andtheforward/22percent
il.A.C,) fi~ure~.. .,

. .

In eachairplaneconf’igmationthedataforthe“power-
approachandlandingconditionsweretlol.enat..thcBULEe~e-,._
vatortrim-tabsettingso thatthe~dr.tauoul.dshov7, directly
thestick-forcechanges:~ithpowerasveil“asthosewithsgeet!~
Thesameis trueof’thepower-oncleanandglideconditions~
Thesestick-foroechangeshavebeensummarizedin tableIV.,

Testsverealsoconductedto determ~netheeffectof the
modificationson theelevatorstick-force[;rc.dientsin ms.ncu-
vertnsflight.Thesedatahavebeengtioupeddirectlyintoa
summaryplotin figure11. Theflig!!tconditionsarespeci-
fiedon thefigure.

.

.

—.
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Thebungeemodificationis usedto obtain“stiok-free
staticlongitudinalstabilityw-ithoutaffectingthestick-
fixed.characteristicsor theelevatorstick-forcegradients
inmaneuveringflight..Alt@ughit isusuallyde:inedand
referredto“~ythecharacteristicsof the sprirL~ alonethe
completemodificationactuallyconsists of tworelatedclzan~cs
in thecontrolsystem:an incrementin nose-.ujj eleratm trim
tab (down-tabdeflection),anda constant tension szririgb
Sincenestof thedifficultyencounteredin theselectionof
a satisfactorybungeeinstallationis dueto themagnitudeof
thetabdeflections reqttirc+d, it is usefultoreg~r~tlIi6”
quantityrather“thantileforgeof thespringn~ the.Pblziarr
variable,A noreco@Lete.discuss3-onor the’useof spring
moments,from.aCLii’terentpoint.cc?view}is presentedin
reference2,.In actual”practlce,of course,oncethesizeof
thespringhasbeendetermine@.the triiatabis usedin the
normalmannerwithno.defini.teincrement‘cein&~etby ‘the
pilot. .

Theeffectof thesetwochangesis b~gtillustratedby
consideringthevariationof elevatorstickforcerequired.
foialevelflightwiththedynamicpressrc q’

7
‘h .incredent

in t“abdeflectionchangestheslopedFedq by rotatingW.e
curveabouttb.eintercepton thezero q.axis. ?hefOi’C&”Of
thebungeespringdo~snotaffect~i~CslOpebutshiftsthe
curveparallelto theforceaxisa constantamountequalto
theForcerequire~toheldthestick~n ncu~r@.withno load
actingon the.oontrolsurfaces.In tcraEoftl+qflight-test
dataused-to demonstratestick-free’stability,theincrcucnt
in trim-taban~lecha~es thestick-forcegradient-dFe~d.Vi
to thedesiredvalueandthein.m~cesming displaccs”thecurve
sufficientlyto restoretrim (Fc= O\ at t.hcdesiredspeed.
A flight-testmethodof selectingthebungeeinstallation
requiredto correctgivenunsatisfactorystick-free-stability
characteristicsis prcsontedin appendixE.

A surmaryisprdscntcdin figurc12of the.ef’feetof 14°
moronose-ujjtabandbungeesj>ringof 9.5pound~on t~ostick-
frcecharacteristicsof theairplanei.n the powr-approach.
condition.Thecharacteristics‘calculatedfromthetab-

—

effectivenessdataof ~igurc13 andtheequationsus-cdin
appendixB agiaccquitewellwirhtheflight-testdata.

Althoughthedesireddegreeof stick-freestabilitywas
readilyobtainedby u~eof thebungeemodification,thelargo
incrementin trimtabnecessaryinducedobjectionable
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stick-force
withpower.
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changeswithspeedin thehigh-speedrange and
As notedin tableIV.?theadditionalwll force

requiredwhenthepoweris reducedfromthepower-approach
conditionto thelandingconditionwas increasedfron4 to 11
pounds.Increasingthespeedfrm 1~0 tb 350 milesperhour
withoutretrimmingresultedina pushf~rce~f20poundswhen
thebungeewasinstalledas comparedto 11pwnds withwt the
bungee,Althoughthesestick-forcechangesarenotexcessive
theywereregardedas ~bjectimableandnightbec~meexcessive
m somedesigns.The stick-forcechangeswithspeedinherent
in thebungeedesignmightbe eliminatedby changingto the
springytabmodificat$andi$cussedin reference1.

Themagnitudeof the stick-forcechangeswithpowerin-
ducedby thebungeeinstallationdependsm theamountof
additimaltabdeflectionusedandtheeffectof theslip-
streamon thetrim-tabef~ectivenessdFJddt● ‘If thetrim-
tabdeflectimwhichrequirestheentirebungeeforcefortrim
in thepower-approachconditionis much,lesseffectiv~when
thepoweris cut,themajorpcwtimaM theconstantbungee
springforceremainsas an Lncremen%to thestick-force
changes.Forthischangeofpowerin thetestinstallation
thetabeffectivenesswasreduced50 percentas thedatqin
figure13 indicate.

Thesestick-forcechangescanbe loweredby reducin~the
effectof thes~ipstreanon thetab- A setof elevatms
havingtrimtabslocatedappr~ximately30 inchesoutboardof
tilepositionindicatedin figure1 wereproposedandtested
by thestaffof theAmes~0-by 80-footwindtunnel,Thetest “
data,showingthevariationIn d%e/d6t (whichresultsfron
the,variationin qtab/qo)$arereproducedin figure14.
TheeffectOf slipstream,a~th~ughstilllarge>is definitely .
reducedontheoutboardtabs~.Theeffect~fchangootpower
on thestickforcesrequiredfortrin.wouldbe proportionally
reduoed.~

l~im~~ considerationsapplyto theuseafa springytab,
sinceitseffectivenessde endkprinarilyu on thevariation
of qtab %withflightspec● Testsin the~es ~- by $0-fo~t
wind tunnelindicatedthatfw thetestnirplanein thepowcr-
apprmchconfigurationtheaction~f theslipstreamwas such
that,withdeer.casingspeed, qtab/qoincrC&scdas qo de-
creased,therebyreducingthevariatimof qtab withflight

●

speedandthepotentialoffectivcncs6ofa springytabin-
,,’stallation. .
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Although the tab effectiveness in the powev=ondka.n
condition was not measuredi,n flight it should be noted
thatlargetrim-tabdeflectionsusedto obtainsta~illtyat
lowspeedswillbe muchnoreeffectiveathighspeedsand
Xnduaelargestick-forcechangeswithspeed.

Thedataof figure U show that,as expeoted,thebungee
modificationdidnotaffectthestick-forcegradientsin
maneuveringflight.

EngineTilt
,

Theuseof an inclinedthrustaxisto reduoethe.destabi-
Mzing effectsof.powerresvltsin greaternegativepitching-
momentslopes,&2m[& a% Tc forconstantpower,in effect
movingboththestick-fixedandstick-freeneutralpointsaft,
Themethodof reference3 hasbconusedto computethecffcot
of 4° tilton thepitching‘rnonentof thetestalyplancequipped
withdouble-slottedflapsin thepower-approachcondition.
Theincrencntsorpitchingmomentarepresentedin $igurcU
as a functionof airplaneliftcoefficient.At a liftG02f-
ficientof 1.24corresyondirigto thetrimspeedof l.1~ITSL
or 103milesperhour,thetotalchangein dQd CL is
-0.012,COri-CSpOndingto.anappro.timatcrearward.movementof
thestick-fixedneutralpointof only1.2percent11.A.~.

Theeffectsof tiltas measuredin flightZn the Qow~r-
approachconditionarcsummarizedin figui-e 16. Thedataof
figure15 andunpublisb-edelevator-effectivenessdatawore
usedto computethestick-fixedcharacteristicsof theairplane
withtilt. Thecalculatedeffectagrc~sveryWC1lwith>&,t_
neasured,indicatingthattkcnethodof rcforcnce3 is satis-
factoryforusein thepreliminarycvalue.tionof a proposed
modification.

Ho unsatisfactoryeffectsinducedby tiltwerenoted
duringtheflighttests. Tb.estick-forcechangeswithpower
were~cnorallyrcduccdas l.ndicatcdby tiledatain tablcI-if.,
Thiscffoctis cxplainodby thefactthatthetiltreduces
thonormalnose-uppitchingmomentduetopower,conscqucatly
reducingthe 6 change,”andthcrcforctheforcechange,
required.Tho~rim-tabcffcctivcncssin thepowor-approe.ch
conditionwasnotchanged. —..

Thestick-forcegradientsin .~ncuvcringflightwere
alsounaffected,as shownin figure11. ~kLiST70U1Gbe
expected,sincethetiltaffectsonly the bCJWL at Z!c
forconstantpowerandnot ?)~a/b~Lat const@?t TC.



Thedataof figure13 indicatethatmostof theeffect
Of tilton thepitching-momentslopeis dueto thedirect
propeller-thrustforces.The effectivenessof anyproposed
tiltinstallationthereforedependsmtinlyon theamountof
Increaseof thernonentarmof thethrustforcesaboutthea3.r-
planecenter0$ gravity.In orderto obtsl.nthemaximun
benefitfroma givendeg~ee..oftiltlthepointof rotationof
theengineinsts,llatiotiobviouslykhouidbe as farforwardas
possible.As shownin figure~ in thepresenttestinstal-
lationthethrustmomentarmwouldhavebeen43 percentlar~er
i~ theenginecouldhavobeenrotated@out thepropellerhub
ratherthanthefiiaewall?Themover.entof thestick-fixed
neutralpointvouldhavekeenincreasedroughlyfron1,2to
2.5percent11.A.C.Unfortunatelythepositionof thepoint
of rotationis usuallyfixedfairlywellaftbecauseof the
necessityof avoidingcomplicatedcowlingandfuselagenose
structurechanges.-

It shouldbe emphasizedthatit isnecessaryto simulate
thefull-scaleairplaneinstallationverycarefullytinen
poweredwind-tunnelmodelsareusedto evaluate‘aproposed
applicationof tilt. It is veryiuportaptto insurethatthe
thrustmomentarmis constant,thatis,thattheparticular
positionof thecenterof gravityl~threspectto thethrust
lineisheld,constant. t

Thetiltmodificationis O-miouslylesseffectiveand
flexiblethanthebungee
existingairplane.

, particularlyvhcnappliedto an

COI;CIJW510X3

.

.-

.

.

Thefollowingconclusionshavebeendrawnfronconsider-
ationof themodificationsasmethodsof improvingthestatic
longitudinal-stabilitycharacteristic=of an existingairplane:

1. Theelevatorstickvfoi*c6bungeevas thesimplerand
uoreeffectiver~odification,althoughobjcutione.blostick-
forcechangeswithspeedin thehigh-speedrangeand~~ith
powerweroinducedby thela,rgoincrc]~entsin elevatortri!n-
tabanglerequired.Thostick-force.changotiwithpowerCOUM
havobermroduccdby movin~thqelevatortrimtabsoutboard
to reducetheeffectof theSlilOStr~~~*

2, EventhoughdesirablerGduCtiOMin thestick-force .
changeswithpoworwereohtaincd,thoon{~inc-tiltmodifi-
cationwasnoteffectiveerioughin this~,pplicationto warrant
usingit solelyto increasestaticstability~Theeffective-

.
nesswouldhavebeeni.ncrcasedif thoengineinstallationcould
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have beenrotatedaboutthepropellerhubrktharthana point
fartherafton thefirewall. ,..

3* Theeffectsofboththe‘bungocandtiltmodifications
couldbe computedwith‘satisfactoryaccuracyfor a prclinin-
ary,..evaluation of. aproposed modification~ ,.

AmesAeronautical.Laboratory$
HationalAdvisoryCommitteeforAeronautics, .

I!offettField,Calif.jDecember2, 1946.
.

.. .. . “,

.—

. .

. . . .
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APPENDIX

8tandardNACA

as follows:

Az ,the ratio

sm30L9

symbols usedthroughoutthisreportare
,

of thenetaerodynamicforcealongthe

airplaneZ--axis(positivewhenMrectedupward)to

theweightof theairplane

elevatorhinge-momentcoefficient

rateof

vator

rateof

plane

changeof elevatorhingemomentwithele--

angleat constantairplaneliftcoefficient

changeof airplanepitchingmomentwithal.r-

liftcoefficientat ‘2Cforconstantpower

-.

atrplaneliftcoefficient

airplanepitching-momentcoefficient

propellerdi~meter,feet

elevatorstickforce(pullforcepositive),pounds
Iu

meanaerodynamicchord,feet

dynamicpressure(&pV=),poundspersquarefoot

axialpropellerthrust,pounds

thrustcoefficient(T/pV2D2)

trueairspeed,feetperseoond

indicatedairspeed,milesperhour,definedby the

usualformulaby whichstandardairspeedmeters

arecalibrated

m



.

--

*

.

.

VSL airplane stalling speed in”the landing configuration

(flaps and gear down)

a~ elevator angle measuredwith respect to the hori-

zontalstabilizer(dovm-elevatorpositive),degrees

&~ elevatortrin+tab,anglemeasuredwithrespectto the

elevator(down-tabpositive),degrees
stick
force changein elevatorstlc,kforcefromtrim
perg changein AZ fromtr2m

Specialsubscriptedsymbolsusedin appendixB &u?eas

folloWs:

Fe elevator stickforceat any”speedwiththebungee

installed

Fe. elevatorstickforceat anyspeedwithoutthe

bungeeinstalled

tile/Mt rateof changeof elevatorstickforcewith trim-

tabangleat constantairspeed

Thevalueof theabovequantitiesat a givenairspeed

is specifiedby placingthequantityinbracketsandappend-

ingoneof thefollowingsubscripts:

‘itrim trimairspeed(Fe and Feo= 0)

vi~ somearbitraryairspeedV~L< ViL< Vitrim

‘imax naximumlevel-flightairspeed —
Thus

@ehTi2 elevatorstickforcewithbungeeinstalledat an

arbitraryairspeedVSL < Viz < Vitrim
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A8t

incrementof elevatorstickforce

bungeespring3.dei~tlfiedas the

l?ACA’211No.1260

duetoadditionof

forcerequiredto

holdthestickinneutralwithiloloadon theoon-

trolsurfaces

changein elevatortrim-taban@e required to restore

trim (Fe=O)withthebungeelastalledata given

trimspeedand in a condition

sub~cripts

S~bsci~lpts

PA power-approach

P power--m clean

condition

condl.tion

L landing condition,

APPENDIX3

liGTEOi)OF SELECTIITGA

specified by the

SATISFACTORY

Given an air~lane with unsatisfactory stick-freestability

characteristics,a flight-testnethodof selectinga fiatis-

factorycorrectivebungeeinstallationispresentedin the

followingoutline:

1. Select&onofbun~eeinstallation.

A. Flight-testdatarcqu.ircd(noasuredatnoraalcenter-

of-gravitypositionin criticalcondition,in thi~

case power-approach).

.

-..
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1. Variation
+ I

of Feo with vi

“l+-vi
-1 VitriH

2. dFe/d8tat Vitrim and Viz

3= Stick-forcefriction(shouldbe < 2 pounds)

il.Determinedesirablepullforceat Vii fronpilotls

commentor criteriasuchas presentedi.nreference

~ Mere stick-forceequals-0.05(Vil- ‘itrim)

providedthatthefrictionis lesstha~2 pounds.

c. Thedesiredcb.an.geis —.

i ( Desired
--

I pull
I LJ< fore

‘:W

\ Vi .1 \* \

-1
‘vii ‘\ #

I?otothatthedesiredstick-freecharacteristicsare

approximatedby specifyingthe’forceat onlytwo—
speeds,Viz and Vitrin; theexactsti.ck-

forcegr@ientis notdeterr.l>nqd.Thechangeis

producedby changingthetrir.-tabanglean mount

M t ar&addinga constantbungeespringforce

F% identifiedas theelevatorstick-forcere-

quiredtoholdthecontrol stickin neutralwith
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no load acting on thesurface. The effect of

theso two changes on the stick force at a given

airspeed is

Fe =SI?eo + F% + (dFe/d6t)A8t

D. Z’heequations for the two spcctficd point$ on tho

desired stick-force variation with hxlioated

airspeed are

at‘itram$ (‘e‘vi~~im= (Feo)Vitrim + F%

(2)

.
and (Feo)Vitrimare~{otingthatboth(Fe)V1tlaim

.

zeroby definition,solvingequation(2)for

‘% andsubstitutingin equation(1)

11. Considerationofpossibleunsatisfactoryinducedef’feots.

A. Fli~ht-testdatarequired.

,
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1.

2.

3.

Stick-f~rcechange.at
Wrim dueto cutting

p~~~erfronthepower-approachconditionto the

landingconditionwithoutretrimming,

AFeQ
power●

Stick-fcmcechangeencounteredin increasing

.speedfrcm ‘itriu ta Vimax inpower-on

cleanccmdition}‘eospeed,
~e/dSt @t Vitrim in thelandingcondition

and at Vimax and Vitrb in the power-on
clean cmtition.

B. Stick-force change w55thpqwer s@th bungee installed
yril~ be

‘eDower
=

+

‘Fegpower

L J

C. Abilityto trimin landingccmditionwithbungee

installed,Tabe.nglerequiredfortrinin land-

ingconditimwithbungeeinstalledwillbe

~t~ mustbe withintab-anglercange.



D. Stick-forcechangeswithspeed..Stick-forcechangedue

to increasingspeedfrom ‘~trin
power-oncleanconditionwiththe

willbe b

‘Fespeed= *Feospeed

P

to Vinax in the

bungeeinstalled

.

AFe shouldbe < 35pounds.speed

.

.
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TABLEi.-BASICDIMENSIGNALDATAOF TH33T2K3TAIRPLANE.

~tGM

QOQ, aq ft.....
Spwl, ft......*.
Aspectratio...,
TaPorratiO● ****
M.A.C.,in......
Dihedralof
chordplane,
deg............
Incidenceof
rootchordto
thrustline,
deg............
Geometric
twist~dcg:....
Rootsection..,*

Tip section.....

Percent
strai}mtlino.g
Taill=ngth,ft
(from0.25
M.A.C.Of”Wt~
tO 0.25 M.A.C.
of tail)*..o..*
Tailvolume,
“z~~ 2VSV
z’ W ● .***

wing I Horiz&tult~~l

?.5 o’

3. 1“5

S5,2-il~(z=l.0) 65,:.015
modified

~5,2-n5(~=o.5) 65,2-015
modified

G 65

---------.--.- 1~.~6

----------- ~.@o

“Jortical
tcil
31.35
4.79
194.5
0.353
61.95

---

---

53,:-012
modifiod

63,2-012
modif’iod.

84.55

18.69

C.C154

.

.

.
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Item Zlevators wader Flaps Ailerw3ns

Area ant cIfhingeline
(sqft, both aides) 20.A ~.92 jY.6 12.g

tiec~frectedbymov-
——

ableaur~ace(sq~t) 58.$3 26.44 165.4. . (a~~~~xo)
Span(~t,one8i&e) 7.t!5 5*9G 10,03 7.54

li..&.C.(~’t) x.365 1.532 .— o*g@
Hinge-linelocation 11.5in,~rom
(percentchord) 65.0 —- --- tlwtllngedge

.Aerodynamicbalance Internallysealed Ove~~$~~g” Double Sealed
andtypeofflap betweenhinges

(fig;1) .
slotted hternal

Travel(aeg) 12.5down 29;;;;g
27.5Up 35 down 22 UP, 13 down

“Trim(area !l!rimon left
Trim (area1.27 0.506Sq aileron only

6q f%, 13aCb; (area0.@ aq
Tabs span1,812 M) ::g’%le, – ft span 2.gl

25° travel up 2
?

ftj 150 travel
and down :e$~ ~d Up and aO~

1
. 1

I
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TABIXIII.-IKEEWWTIONCONFICAEMTIONSANDEVALUATIONS.

Approx- . 1
~~”t~
center I I
of

I
IWngee ‘-

g’mvity., fCXrce gine Fiwe Evaluation Remarks
locq-- “ (lb) tilt nunber
tion

I
(deg)

(percent
lioA.C.) ?

I

i
~g Unstableinpower-a~proachcondi-=

27 —. ..- Unsatis- . tton, unfavorable ~tick-force
! fact~ry ryadient at low speeds in power--
t m clean condition.
1 I

21.5 ; --- ~ ---- 9 iiarginaily Neutrr.1stability in power-approach

I
satisfactmy ccmditim, stick-force changes

‘~witnpowerlarger than desirable
Stick-force changeswith powerand;

27 ~ 9.5 ‘ --- 10 %ztisfa.ctmy vith speedin the high-speed
rangelarger thandesirable.1

I Neutralstabillty in power-approach
Mar@mally27 \ --- i+ 11

cmdition, unfavorable stick-force
satisfactory grc,t!lentat low ~peeds in the

! power-on clean condition.
i Airpleanecannot be trinned in

pcwer e,pAmoachcondition, stick-
27 9.5 4 12 ilarginally fcmcechangeswithpowerand speed

‘satisfactory in the high-speedrange larger
thandesirable, excessive etick

f I force required to land.

8
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TABLEIV.-STICK-FORCECHANGESDUETO POWERANDTOSPEEDINTHEHIG3-9PEEDRAN(+E.

Center Skl.ckforce changes

of Bm’lg(xl aPower in
I

bPower In ‘Speed in
gravity force Tilt Flaps
(percent (lb) (defi)Po=’;:;~:~h power-onclean power-on clean

MoA.Cs)
condition condition

(lb) (lb) (lb)

27 Nono ~o~ Double-4NC?SC~
slotted up 4.0 3*5 -11.0

.— .——

21.5 None ~one Double- 16
slotted ~oae 11.5 5.0 -16.5

up ~

27 9*5 Nom Doubl~- 18
slotted N:QJ’ 11.0 8.0 -20.0

DQubl~-827 Kolle 4“ alotted ~;y 3.5 Z*5 -10.0

27 9*5 4.0 s;;; :::: ’10.0 4.0 -26.0
up

27 I None l?ono :;~;:: ;;;, ~e5 ---

t

---
Clown

6
27 7.5 None ;;~;:~ fl;pe 6.5 ---- -..

, , , 1 1 I

‘Jdoasuredat trim speed (1.15VS-) whilc~i.o horsepowerfrom 730 to O.
ibklea6ured at tr>m speed while PB ucing brake hor~opowex from 1030 to 0.

~Moasurod l’romtrim speed 170, to 350 miles per hour.
Could not be trirmmd at ~.15 VSL in power-approach

.
condition.
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AQSTOACT 
Flight tests rare conducted to evaluate an elevator stick-force bungee and engine 

tilt as nethods of improving the   longitudinal-control  characteristics  of an existing 
airplane.    Particular emphasis was placed on measuring the effect on the stick-free sta- 
bility in the power-approach condition.    The stick-force bungee was the simplest and 
most effective modification.     It is  indicated,   however,  that when large  changes  in ele- 
vator trim-tab angle are required, objectionable stick-force changes with speed and 
power will be induced. 
» Airplanes -  Flight tests   (081»50.3) 
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